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SUMMARY 

The subsonic and transonic  longitudinal handling q - t i e s  of the 
Douglas D-558-11 research airplane w e r e  measured with several wing mod- 
if ications designed t o  a l leviate  swept-wing ins tab i l i ty  and pi tch-q .  
The ~irp- configurations  investigated  included  the  basic wing con- 
figuration & two wing-fence configurations i n  conibination with 
retracted,  free-floating,  or extended slats, md a wing leading-edge 
chord-extension  configuration. A l l  configurations were tested in  the 
clean  condition. 

None of the w i n g  modifications had an appreciable  effect on the 
decay in  stick-fixed  stability  (pitch-up) exhibited by the airplane at 
moderate angles of attack, and all conflgurations were considered by 
the pi lo ts  t o  be  unsatisfactory and uncontrollable in the pitch-ug 
region. Both f u g h t  and wind-tunnel results indicated that the  position 
of the  horizontal t a i l  should be lowered appreciably t o  obtain sdstas- 
tial improvement in  longitudinal hEandlFng qualit ies of t he   amlane .  

W i n g  fences had no apparent efYect on airplane buffeting chazac- 
t e r i s t i c s  with slats retracted. With w i n g  slats free t o  float, the 
onset of buffeting was  delayed at low Mach numbers, w h e r e a s  buffeting 
w a s  generally  seriously  aggravated by wlng chord-extensions. Fully 
extending the wing slats had no appreciable  effect on buffet ing  a t  lar 
and moderate l i f t s  but  delayed the intensity rise t o  higher lift levels. 

The variations and the values over the Mach nuuiber range of the 

apparent s t ab i l i t y  parameter F, the  elevator  control-force  parameter a e  

unaffected by any of the w i n g  modifications  investigated. None  of the 



wing modifications had an appreciable  effect on the  tr im-stabil i ty 
characterist ics of the  airplane, and a l l  configurations  exhibited sim- 
ilar trends over the test  Mach  number range. 

INTRODUCTION 

As par t  of the  cooperative A i r  Force-Navy-NACA high-speed f l i g h t  
program, the National Advisory Cormnittee f o r  Aeronautics is conducting 
a fl ight  research program at the High-Speed Flight  Station, Edwards, 
Calif., ut i l iz ing  the Douglae D-558-11 swept-wing research airplane. 
During the course of this f l i gh t  program, the  effects  of various modi- 
f ications designed t o  alleviate swept-wing ins tab i l i ty  and sitch-up 
were investigated from s t a l l i ng  speed q t o  a maximum Mach  number of 
about 1.0 (refs.  1 t o  3 ) .  TIE various airplane  configurations  investi- 
gated are tabulated  in table I and include  the  basic w i n g  conffguratlon 
and  two wing-fence configurations t n  combhation w i t h  retracted,  free- 
floating,  or extended slats, and a wing leading-edge  chord-extension 
configmation. The low-speed stalling characterist ics of the airplane 
i n  each of the  previously mentioned configurations, with flaps and 
landing gear retracted and extended, are presented i n  reference 4. The 
subsonic and trarsonic  longitudinal handling characterist ics of the air- 
plane i n  each of the configurations  investigated are presented and com- 
pared in this paper. 
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SYMBOLS 

&n 

b 

CN 

c% 

C 

- 
C 

normal acceleration, g units 

WFng span, f% 

airplane normal-force coefficient, anw ss 
rate of change of airplane normal-force coefficient with 

angle of attack, -, dCN per deg do: 

wing chord, f t  

mean  aerod-rdc chord of the wing, ft 

r a t e  of change  of elevator  control  force with normal 
accelesation, lb/g 
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4 - *e ra te  of change of elevator  position with airplane normal- 
dCN force  coefficient, deg 

Q acceleration due t o  gravity,  ft/sec2 

U 

Fe elevator  control  force, Ib 

hP 

it stabi l izer  setting with respect t o  fuselage  center line, 

pressure  altitude, ft 

positive when leading edge of s tabi l izer  is up, deg 

1.5 free-stream Mach nufber 

Q free-stream dymmic pressure,  lb/sq ft 

*. U angle of attack of airglane center m e ,  deg 

c 6e elevator  position with respect t o  s tabi l izer ,  deg 

The D o u g h s  D-558-II airplane used in  th3.s investigation is  equipped 
with both  a Westinghouse J34-WE- turbojet  engine, which cuts out 
the bottom of the fuselage between the w3ng and t h e   t a i l ,  and a Reaction 
Motors, Inc. mB-M-6 rocket engine, which exhausts  out the reax of the 
fuselage. The airplane is air-hunched from a Boeing B-29 mother air- 
plane. A photograph of the -lane is sham in  figure 1 and a three- 
view drawing is shown In figure 2. Pertinent -lane  dimensions and 
characteristics of the modified airplane  are  l isted in table 11. 

For the present  series of t e s t s  the basic clean-wing configuration 
and two wing-fence configurations were Fnvestlgated i n  confbination wfth 
a slat; an outboard wing leadingedge  chord-extension was also hvesti- 
gated  (table I) . The fence  configurations axe shown ln figures 3 and 4. 
The inboazd wing fences were incorporated in the original airplane con- 
figuration t o  improve the longitudinal stabi l i ty   character is t ics  of the 
airplane at low speeds and a t  high  angles of attack (a > loo) when the 

sh i l a ; r  t o  the optimum fence  configuration developed i n  the wind-tunnel 
investigation of reference 5 for improving the  longitudinal  stabil i ty 

3 w i n g  slats were fully extended (ref. 5 ) .  The outboard w i n g  fences were 

d 
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characterist ics at high angles of a t tack   in  the airplane  clean condi- 
t ion.  The wing slats (figs.  5 and 6) ,  may be locked in   e i the r  the open 
(extended)  or  closed  (retracted)  position,  or  they may be unlocked (free 
floating) . In  the unlocked  condition they are  normally closed at low .L 

values  of angle of attack  or normal-force coefficient and open KLth 
increase  in  angle of attack. The l e f t  and r igh t  wing slats are inter- 
connected and always have approximately the same position. 

The wing leadFng-edge chord-extensions shown i n  figures 7 and 8 
were similar t o  those  tested in the wind tunnel and found t o  provide an 
improvement in static  1.ongitudinal  stabil i ty at moderate angles of 
attack (refs. 6, 7, and unpublished data) . The chord-extensions were 
approximately the WCA 63408 a i r fo i l   p ro f i l e  i n  the streamwfse direc- 
t ion  and were faired into the wing profi le  over the span of the chord- 
extensions. In addition,  the  chord-extensions were faired M o  the wing 
t i p s  and the inboard ends were flat-sided i n  the  ver t ical  streamwise 
plane.  For this  configuration  the wing slats were locked  closed and all 
fences were removed. Addition of the w i n g  chord-extensions  increased 
the wing area from 175 square  feet t o  181.2 square f ee t  and the  wFng 
mean aerodynamic chord from 87.3 inches to 90.0 inches. For convenience 
in comparing these data with data fo r  the unmodified airplane, however, 
all data presented are based on the dimensions of the unmodified 4 

airplane. 

The airplane is equipped with an adjustable stabilizer, but therk 
are no means provided fo r  trirmning out aileron or  rudder-control  forces. 
No aerodynamic balance or control-force  boost system is  used on any of 
the  controls and longitudinal st ick motion i s  l inear  with elevator 
motion. Hydraulic dampers inetalled on all control  surfaces  aid in 
preventing  control-surface 'hDuzz" and may influence  stick  forces at high 
control  rates. Dive brakes are located on the rear  portion of the 
fuselage. 

Among the  standard NACA recording instruments installed in the air- 
plane t o  obtain  f l ight data were hstruments which measured the  following 
pertinent  quantities : 

Airspeed 
Altitude 
Angle of attack 
Normal acceleration 
Pitching  velocity and acceleration 
Stabilizer,  elevator, and slat positions 
Elevator  control  force 

All instruments were synchronized by a c m o n  timer. 



The elevator  position w-as measured a t  the inboard end of  the con- 
t rol   surface,  and the stabi l izer   posi t ion was measured a t  the plane of 
symmetry. A l l  control  positions were measured perpendicular t o  the 
control 

A n  
mounted 

used t o  + feet 

hinge l ine.  

NACA high-speed Pi to t - s ta t ic  tube (type A-6 of ref. 8) was 
on a boom feet forward  of the nose of the airplane. The vane 

measure the angle  of attack was mounted  on the same boom about 
forward of' the nose  of the airplane. angles of a t tack are pre- 

4 

sented as m e a s u r e d  with only instrument  corrections  applied. However, 
any inherent em!ors, such as caused by upwash effects, are  believed t o  
have a negligible  effect  on the analysis of the  data. The possible Mach 
number errors  are about fo.01 a t  M < 0.8 and about M.02 a t  M CJ 0.95. 

The longitudinal handling qualities of the Douglas D-558-11 afr- 
plane were measured wlth f laps  and landing gem retracted fn the air- 
plane  configurations  listed in  table I. 

Longitudinal trim data rang- from M = 0.6 to M IJ 1.1 were 
obtained with the various airplane configurations  during gradd climbs 
and level-fl ight speed n m s  at altitudes raging *om about 28,000 t o  
39,000 feet. Stat ic   longi tudinal   s tabi l i ty  and control  characterist ics 
i n  accelerated flight w e r e  determined f o r  each configuration  during 
win&-up turns from a Mach nmiber of about 0.4 t o  a Mach n W e r  of 1.0 
i n  the altitude range from 10,300 t o  38,500 feet. Data for   the  higher 
Mach numbers were generally  obtained at the higher altitMes, and con- 
versely. Except f o r  the wing leading-edge chord-extension  configuration, 
the  airplane center-of-gravity  locations ranged from 24.5 t o  27.3 per- 
cent of the wing mean aerodynamic chord.  For the chord-extension con- 
figuration, two conditions of airplane center-of-gravity  location were 
employed, r a g i n g  from 22.6 t o  24.7 and from 28.0 t o  28.2 percent of 
the wing m e a n  aerodynamic chord. ( O n l y  a far.maneuvers were perfomed 
at the re&& center-of-gravity  location, laasmuch as both the results 
obtained and the  wind-tunnel results of refs. 5 ,  6, 7, and unpublished 
data indicated that the a,irprplane had less static stability f o r  a given 
center-of-pavity  location when chordextensions w e r e  installed. A l l  
remaining maneuvers w i t h  the chord-extensions were subsequently performed 
at the forward  cellter-of-pavity  location, w h i c h  was  selected  to  provide 
about t he  same s t a t i c   s t a b i l i t y  as existed with the unmodified airplane 

chord. ) 
+ having i ts  center of gravity at about 26 t o  27 percent mean aerodynamic 

i 
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A t  M < 0.9 the turns were performed us- only the elevator, 
w i t h  the stabilizer  remainhg  stationary  during the  mneuvers a t  set-  
tings ranging from about -0.2O t o  3.6O. A t  M > 0.9, the  turns were 
in i t ia ted  using the elevator  control w i t h  the stabil izer  stationary; 
however, because of the decreased  elevator  effectiveness and accompa- 
nying large  control  forces at these speeds, use of stabil izer  control 
was required during each manewer t o   o b t a b  higher l i f t  levels and 
angles of attack. 

PRESENTATION OF RESULTS 

Representative s t ab i l i t y  data plots, illustrating the character- 
i s t i c s  of each of the  configurations of the D-558-11 airplane during 
wind-up turns a t  va;rious Mach nmfbers, 8x8 shown in  figures 9 t o  1 4  and, 
fo r  convenience, are  tabulated i n  t&le I. Some of these data were 
presented  previously in  references 1 t o  3, and are   reprduced  in  t h i s  
paper, as measured, fo r   i l l u s t r a t ive  purposes. As such, the data of 
figures 9 t o  1 4  include the aynamic effects  of pitching,  therefore are 
not f o r  static  conditions,  particularly at the higher  anglec of attack. 
To compare the  st ick-fixed  stabil i ty data of the several  configurations 
for  comparable static  conditions (zero pitching  acceleration),  repre- 
sentative  variations of elevator  position  with  angle of attack at two 
Mach numbers are shown in  f igure 15. The buffet bounbries of the var- 
ious airplane  configurations  investigated are presented i n  figure 16. 
The law-lift s t ab i l i t y  parameters of the  airplane  in each of the  several 
configurations me presented i n  figures 17 and 18, and the  elevator  trim 
characterist ics  are  presented  in  f igure 19. Relative  elevator-stabilizer 
effectiveness  characterfstics over the test Mach  number range are shown 
in   f igure 20. 

DISCUSSION 

Eigh-LiFb Characteristics 

Pitch-up  characteristics.-  In  general,  the data of figures 9 t o  14 
indicate the airplane has reasonably l inear   s tab i l i ty  (as exhibited by 
the   vu ia t ion  of Be w i t h  a) and l i f t  characterist ics from low t o  
moderate angles of attack. These characterist ics become nonlinear at 
the higher lb-:':ilues of a, for  all configurations. It may be observed in 
many of the   meuvers  of figures 9 t o  14 that, when CN reached moder- 
ate values, the relative  increase  in a and CN w a s  greater t M  the 
increase  in &e, indicating a decrease i n  stick-fixed s t ab i l i t y  ard the 
onset of 8 pitch-up. In some instances, because the data of figwe+.: 9 
50 14 are not  corrected f o r  pitchfng  acceleration  effects,  the ~~fl..?!:-up 
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appears t o  be accentuated by the reversal of control and the  continued 
.: -e:-se i n  a and CN. In other instances, after the i n i t i a l  decrease 

:;tability and accomgaqying pitch-up, a retrjmninn  effect is apparent, 
w L A  the  airplane  regaining  stabiuty at higher angles of attack (f& 
example, f ig .  Z ( d )  ) . These effects have been  discussed i n  references 1 
t o  3 f o r  most of the wing modifications tested and are, perhaps, more 
readily  apparent when the data are corrected t o  static conditions 
(fig.  15) . In general, none of the w i n g  configurations provided toler-  
able  behavior o r  measurable mrovement compared with the basic w i n g  
configuratian; however, some reduction in divergence rates was noted 
below a Mach rider of 0.80 with slats extended and chord-extensions 
(f ig .  15) . Over a ~llach n M e r  range f r o m  0.8 t o  0.95, a ~ .  configura- 
t ions were characterized by an abrupt change in s t a b i l i t y  at the pitch- 
q. A t  all speeds the  pilots  reported  experiencing a lightening of the 
stick-force gradient priok to ,  o r  accompanying, the reduction i n  st ick- 
fixed  stabil i ty.  The reduction in the stick-force  gradient  tended t o  
aggravate the pitch-ug  tendency by allowing the p i lo t  t o  increase the 
control rate with l i t t l e  or no addi t ional  e f fo r t .  

Invariably,  the  pilots fe l t  they had little or  no control  over the 
magnitude of the overshoot load factors once the pitch-up  region was 
penetrated, and they  tended t o  apply  excessive  corrective  control t o  
recover. As a result, in all configurations the pilots  considered the 
-lane t o  be completely  unsatisfactory and uncantrolla;ble i n  the 
pitch-up  region,  p&icularly during codat-type maneuvers, and probably 
quite dangerous at the low altitudes. On the basis of wind-tunnel tests 
performed on a d e l  of the D-558-II a i r p b e   ( r e f .  g ) ,  as w e l l  as other 
wfnd-tunnel and flight investigations, it has been  concluded that with 
the present tail configuration of the  D-558-11 airplane  (height above 
wing-chord plane &ended .is about o,6ge), a r e a l  cure of the pitch-up 
is not  feasible. hering the  horizontal t a i l  t o  approximately the 
height of the wing-chord plase extended would be required  to  o b t a h  sub- 
s t an t i a l  improvement in -lane longitudinal handling qualit ies.  

Although some slight  differences existed between the resul ts  f o r  
the  various  configurations, the values of CN at  which the s t ab i l i t y  
decreased and pftch-up ensued varied f'rom approximately 0.7 at M = 0.5 
t o  approxinmtely 0.6 at M = 0.8 and a p p r o x i t e l y  0.5 at M = 0.95. 
A t  M > 0.93 an abrupt  increase in  the values of CN for   p i tch-q  
occurred and, generally,  these values were a t t a h e d  only infrequently 
in the  reported tests (refs.  1 t o  3) . 

the 
by, 

Buffet  characteristics.- In general, the  decrease in s t ab i l i t y  and 
onset of pitch-rrp for each  configuration were only sl ight ly  preceded 
or almost coincided  with,  the onset of buffeting of the -lane. 

me  leve ls  of % at which the  onset of buffeting  occurred -e shorn 
fn figure 16 as a function of Mach  number f o r  a J l  configurations  except 
the  slats-extended  configuration. With the slats fully extended, 
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moderate buffeting appemed t o   e x i s t  Over most of the lower and moderate 
lift range. It was found that the w i n g  fences  alone had no effect  on * 
the buffeting  characteristics. Unlocking the  wing slate  tended  to  delay 
w i n g  separation  effects  to  higher lifts, thereby  causing the onset of 
buffet t o  occur at higher lift levels   for  M < 0.7. The level  of l i f t  I 

coefficients  for the st& of buffeting with wing chord-extensions w a s  
lowered somewhat below M = 0.8, compared with the unmodified airplane, 
and the pilot   objected  to  the  increase in buffet intensity, which was 
on the  order of  fO.5g at an a l t i tude  of about 30,000 feet .  A t  M < 0.85, 
with either the  chord-extension  configuration  or when the slats were 
retracted, the buffet-intensity rise occurred at a normal-force coeffi- 
cient of about 0 .05 above that fo r  the onset of buffeting. When slats 
were unlocked (free floating) or fu l ly  extended, the increase i n  buffet 
Intensity occurred  quite gradually w i t h  increase in CN, and the bound- 
ary for   intensi ty  rise vexied from CN = 1,0 at M = 0.5 t o  Cn - 0.75 
at  M = 0.85. I n  the transonic  region above M = O.@, the  buffet  
intensity rise for  Ebu configurations  occurred at Cn = 0.5, or greater. 

In none  of these  configurations  did the pilots  consider  the  onset 
of buffeting  to be an adequate warning of the impending pitch-up  during 
an accelerated maneuver.  Because of the alleviation in buffeting and 
Fn pitch-up  divergence rates with slats fully extended, the pi lo ts  * 
thought thie  modification  provided  the most improvement t o  the longitu- 
dinal handling characterist ics of the airplane. Conversely, the p i lo t s  
considered the chord-extension  configuration t o  be the most objectionable, - 
despite 8- alleviation i n  t5e pitch-up  divergence rate, because  of the 
severity of buffeting. 

Low-Lift Chazacteristics 

Stabi l i ty  parameters.- The variation of the  airplane normal-force- 
curve  slope CN, with Mach  lluDiber fo r  each of the  configurations 
investigated is-shown in  f igure 17. Within the accuracy of determina- 
t ion and within the scat ter  of Cna. values shown, unlocking the wing 
slats had a negligible  effect on Cna (figs. 17(a) , (b) , and (c) ) . The 
value of C% for the basic w i n g  configuration  increased from approxi- 
mately 0.065 at M = 0.4 t o  about 0.093 at I4 = 0.9, then  decreased 
with further Fncrease i n  Mach nuniber. 

Except for  slight  differences,  the  other  configurations  shared 
s fmik  trends and values of Cna over the   t e s t  Mach nmiber range. A 

notable  difference i n  the  values of C can be  observed at M < 0.65, 
where the two configurations w i t h  slats fully extended (figs.   l7(d) and 
l7(e) ) exhibited somewhat higher  values  than  the  other  cunfigurations 
investigated. The reasons  for this effect   are  not apparent. 

% 
4 
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The variation of the appazent *lane s t ab i l i t y  parameter - a e  
acN 

and the  elevator  control-force  parameter 3 with Mach nmiber f o r  each 

of the configurations is shown in figure 18. For Mach nmibers rrp t o  

about M = 0.7, the Values of - and - of the  basic wing config- 

uration are s u b s t a t i d l y  constant at about 10 and 12, respectively, 
(fig.  18( a)) . A t  M >, 0.7, the  values of both  parameters  increased 

rapidly  with  increase in Mach  nuniber, and at  M = 1.0, - 60 and 

+a 

*e m e  
aa, 

G T  
I1 

- =  130. Ln the  variations  with Mach n&er of both  parameters, 
aa, 
unlocking the wing sh t s  produces no apparent  effect. A s  discussed in 
reference u) for  the  airplane  configuration  incorporatFng  inboard  fences 

on the unmodified w i n g ,  most of the  increase in - and - at a e  a e  
dCrr h n  

M ,< 0.85 may be attributed t o  an increase in -lane s tabi l i ty ,  inas- 
much as the change in elevator  effectiveness is not  appreciable i n  this 
range. A t  pi 2 0.85, however, a large  decrease in elevator  effective- 
ness is expected as M increases, and. reference ll hdicates  appreci- 
able increases  in  airplane  stabil i ty in this range; therefore,  the  large 
3ncreases  noted Fn the  apparent  stick-fixed and stick-free  pmameters 
at M 2 0.85 probably result f r o m  these d u d  effects. 

In general, little or no effect  of modi fy ing  the basic wing config- 
uration was shmn by the  variations of the apparent  stick-fixed and 
stick-free  stabil i ty parameters  over  the t e s t  Mach nmiber range (fig. 18) . 
The largest  differences in the values of 5 and - f o r  the  various 

configurations exist at the higher speeds, where the  discrepmcies  appear 
t o  be aggravated by the  rapid  increases  with Mach mer of these two 
parameters. An almost constant  difference in level of the values of 

e is  noted in figure 18(f) f o r  the  two ranges of center of gravity d8 

ui th   the  chord-extension  configuration, and the data for  the forward 
center-of-gravity  location appeas in be t te r  agreement with  the  data for 
the  basic wing configuration. This effect  was anticipated,  since  the 
hvest igat ion of references 6 and 7 indicated,'  for comparable center- 

s l ight ly   less   s t ick-f ixed  s tabi l i ty  than the unmodified airplane. A 

a i rplane  s tabi l i ty  was presented in reference 3 .  

a e  
E N  dan 

a% 

.= of-gravity locations,  the airplane  with  chord-extensions would exhibit 

i f a i r ly  complete discussion of the  effects of the chord-extension on 
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A n  appreciable amount of the  s tabi l i ty  parameter data shown i n  
this paper f o r  the  basic wing configuration and the  inboard wing-fence 
configuration was  a l so  presented in reference 12 in which the  data fo r  
the D-558-11 airplanes  being  investigated were cambined  and presented 
f o r  speeds up t o  M = 2.0. SFnce little difference was evident  in  the 

I 

. 
variations of - dcH 9 and - a e  with M for  the several  coafig- 

da ’ dCN’ aa, 
urations up t o  M = 1.0, it would appear the  values and trends of these 
parameters ,at M > 1.0 would be simila;r t o  those sham in reference 12. 

Trim characteristics.- The variation with Mach  nuniber of the  ele- 
vator  angle  required t o  trim the  airplane  in each of the configurations 
investigated, fo r  conditions of 1 g f l i g h t   a t  an al t i tude of 35,OOO feet  
and at a constant weight of l3,OOO pounds, is shown Fn figure 19. By 

uIAlizing  the  values of shown for each configuration  in  figure 18, 

the or ig ina l  flight data obtained i n  each  configuration, were corrected 
t o  lift coefficients that would e A s t  at the previously mentioned 
conditions. 

a 

The elevator trim curves f o r  the  basic wing configuration show the 
airplane has positive trim sta;bility at M <, 0.82 and a small neutrally 
stable  region  near M = 0.85 (fig.  19(a)) . Starting at M = 0.87, as 
speed increased  alternate  airplane nosedown and nose-up t r i m  changes 
occurred t o  M = 1.03, the maximum speed at which these data were 
obtahed. For some stabil izer  sett ings the trim changes were severe at 
M = 1.0. 

L 

Except for a slight difference  in  the magnitude of the  values of 
6, required f o r  trim at comparable s tabi l izer  settings, the  elevator 
t r h  curves for  all configurations  exhibited similar characteristics, 
thereby  indicating similar trim stab i l i ty .  The differences i n  the mag- 
nitude of 6e required for trim probably result from slight  differences 
i n  airphne  center  of-gravity for the  several  configurations, and also 
f r o m  possfble  slight  differences In the wing center of pressure which 
resulted from the various wing modifications. 

Although the trim data obtained on the subdect D-558-11 airplane 
were l imited  to  sllbsonic and transonic speeds, similar data were obtained 
up t o  M = 2.0 on the  all-rocket D-558-11 airplane  (basic wing config- 
uration) and are reported in  reference 12. Because the  trim  data 
obtained on both  airplanes at subsonic and transonfc speeds are i n  
excellent agreement, and because all configur&tions  investigated on the 
subject  airplane  exhibited similar characteristics, it i s  anticipated 
that a l l  configurations  investigated would have trim characteristics 
at supersonic  speeds similar t o  those shown in reference 12. 



Relative  elevator-stabilizer  effectiveness. - Figure lg( a) shaws 
the chmge in the  incremental elevator angle  required  for trim for  a 
given change in stabil izer  posit ion as Mach nmiber increased. Cross- 
p l o t t h g   t h e  data of figure lg(a) at given Mach nuribere provided a 
measure of the change in  the  re la t ive elevator-stabilizer effectiveness 

9 which is shown in figure 20 as a function of Mach number for  the 
a e  
basic w i n g  configuration. Although both controls tend to  lose  effec- 
tiveness at transonic  speeds, it is  evident f r o m  figure 20 that the 
loss in elevator  effectiveness is mch greater than the compmable loss 
in  stabilizer  effectiveness as M increases. This loss in  elevator 
effectiveness is serious,  since it necessitates  the use of appreciably 
hrger  control  deflections fo r  trFm and maneuvering i n  the  transonic 
region, and tends t o  limft the  nraneuverability of the -lane.  (See 
data at M > 0.9, figs. 9 t o  14.) 

Although sufficient  tr im-stabil i ty data were not obtained fo r  each 
of the  configurations t o  determine the  individual  relatfve  elevator- 
stabilizer  effectiveness,  the  relative agreement in a l l  data obtained 

suggests  the trends sham for - in figure 20 f o r  the  basic wFng fit 
me 

configuration would also hold t rue  for  each of the wing moaifications 
investigated.. 

from elevator trh s t ab i l i t y  curves, stmilar to the method used €n the 
s&ject tests, f o r  dives from 25,000 to 15,ooO feet .  The values of 

3 from reference l 2  were obtained from elevator and stabi l izer  maneu- ai 
a e  
vers (p~ l l -ups  and --up turns) at Etltitudes  generally in excess of 

35,000 feet .  The agreement shown in figure 20 f o r  the d u e s  of - a% 
m e  

over the   t es t  Mach nuuiber range is good. The smal l  discrepancies shown 
m,y be attributed  to  the  technique and operating  conditions under which 
these  data were obtained, and t o  the  accuracy of determination. 



CONCLUSIONS 

Results of a longitudinal , h a n d l i n g  qualities  investigation at sub- 
sonic and transonic speeds of the swept-wing D o u g l a s  D-558-II research 
airplane,   in the basic clean-wing configuration and with  various w i n g  
modifications  designed to   a l l ev ia t e  swept-wing ins tab i l i ty  and pitch-up, 
l ed   t o   t he  following  conclusions: 

1. None of  the wing modifications had an  appreciable  effect on the 
decay in  st ick-fixed  stabil i ty (pitch-up) e m b i t e d  by the airplane at 
moderate angles of attack,  perticularly over a Mach  nuTdber range from 
about 0.8 t o  0.93. All configurations were considered  unsatisfactory 
and uncontrollable in the pitch-up  region by the  pi lots .  On the  basis 
of these  tes ts  and 0th.z f l i gh t  and tunnel  investigations, it i s  f e l t  
the position of the  horizontal t a i l  on this airplane should be lowered 
appreciably t o  obtain  substantial improvement in  longitudinal  handling 
qualities . 

2. Wing fences had no apparent effect  on the buffetin@; chazacter- 
is t ics   with slats retracted; however, d o c k i n g   t h e  wing slats raised 
the  buffet  boundary, belar a Mach  number of 0.70, above that fo r  the 
retracted slats condition  for  the basic", one-fence, and two-fence 
configurations. Wing chord-extensions  lowered the buffet boundary, 
compared with  the unmodified airplane  configuration, up t o  a Mach  number 
of 0.80 and caused an increase  in buffet intensity which was objectfon- 
able t o   t h e   p i l o t .  Moderate buffeting appeared t o  exist over most of 
the lower and moderate lift rasge with the slats fully extended; however, 
this  configuration did a l leviate  some of the  pitch-up  divergence rate 
and appeazed t o   t h e   p i l o t s   t o  provide  the  greatest improvement i n  the 
longitudinal handling characteristics of the airplane. 

3. A t  low lift coefficients, the trends i n  the  values of the appar- 

en t   s tab i l i ty  parameter e and the  elevator control-force  parameter 

dF, were relatively  unaffected by any of the wing modifications  inves- 
h n  
tigated. The values of increased by EL factor of about 6 and the  

a? values of 8 increased by a factor of  about ll as Mach nurdber 
b n  

increased from 0.5 t o  1.0. 

d6 
acN 

dCN 

4. The variation  with Mach  number of the  airplane normal-force- 
curve slope CNa, was l i t t l e  affected  by wing modification. Values of 

increased from about 0.065 at a Mach  nuniber of 0.4 t o  about 0.093 
at a Mach  nuniber of 0.9, then  decreased  with further increase i n  Mach 
number. 

cNa 

.4 

c 



5. None of the WLng modifications  had an appreclable  effect on the 
trim-stability  characteristics of the  airplane and &ll configurations 
exhibited similar trends over the mch nuniber  range. The airplane was 
atable  at  Mach  numbers below about 0.82, and exhibited  characteristic 
nose-down and nose-up  trim  changes  between Wch numbers of about 0.87 
and 1.03. 

6 .  The loss in  elevator  effectiveness in the  transonic  speed  range 
is appreciably  greater  than  the  conparable loss in stabilizer  effective- 
ness. The relative  elevator-stabilizer  control-effectiveness  parem- 

eter - dit decreased f r o m  a value of about 0.43 at a Wch number of 0.6 
d6e 

to less  than 0.2 at a Mch number of 1.0. 

High-speed  Flight  Station, 
National Advisory Comnittee for  Aeronautics, 

Mwards, Calif., March 22, 1956. 
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Figure 1.- Three-quarter f m n t  v i e w  of  Douglas D-558-11 amlane. Inbaard 

fences shown installed on wing. 
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Figure 2.- Three-view d r a m g  of the Douglas D-558-II research airplane. 

A l l  dimensions in inches. 



y Wing fence 

Section 36percent semispan 

M n g  fence 7 

Section 73 pacent semispon 

F i g r e  3. - P h  form and sections of the w l n g  of the D-79-11 airplme 
showing the location and shape of wing fencea (stall-contml vanes) 
used in the  lnvestlgation. 
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Figure 4.- Photograph of the D-59-11 whg, ~hovlng the Inboard arW out- 
fences (etall-control ranee) on the wng. 
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Airplane 

Slot ful ly  
extended 

I-4.9 

dosed 

\Path of slot trove1 
Section A - A  (enlarged) 

Figure 5.- Plan form and sec,tions of the wing of the D-558-11 airplane 
showing details of the wing slat i n  the retracted and extended 
positions. 
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“-4 

r W ~ n g  chord extension 

Wing section at station 102 

Figure 7.- Plan form and section of the wing of the D-558-11 airplane 
showing  the  wing  leading-edge  chord-extension  configuration. 
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Figure 8.- Photograph of the wing of the D-558-P airplane showing the' w3ng 
leadingedge chord-exknsion conflguratlon. 
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(a) hp 22,000 feet;  it = 1.6O; center of gravity  at 0.268c'; 
slats retracted. 

Figure 9.- Static longitudinal stability characteristics of the 
Douglas D-59-11 research  airplane in turning flight.  Basic 
wing configuration. 
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(b) $ 29,800 feet; it = 1.6O; center of gravity a t  0.262~; 
slats retracted. 

Figure 9. - Continued. 
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(c) hp 25,900 feet; it = 2.1°; center of gravity at 0.24%; 
slats retracted. 

Figure 9.- Continued. 
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(a) % fi: 37,200 feet;  center of gravity a t  O.272c'; slats retracted. 

Figure 9.- Continued. 
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(e) hp 22,700 feet;  it = 1.70; center of gravity st 0.253c'; 
slats unlocked. 
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Figure 9.- Continued. 
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(f) hp =S 29,800 feet; it = 1.2O; center of gravity st 0.249E; 
slats docked. 

Figure 9. - Concluded. 
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(a> % FJ 23,300 feet;  it = 2.20; center of gravity at 0.259E; 
slats  retracted. 

Figure 10.- Static  longitudinal  etability  characteristics of the 
Douglas D-558-11 research airplane  in  turning  flight.  Inboard 
wing-fence  configuration. 
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(b) hp = 25,500 fee%; it = 2. JO; center of gravity at 0.258~; 
slats retracted. 

Figure 10. - Continued. 
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(c) kp 28,700 feet; it = 2.0’; center of gravity at 0.2535; 
slats  retracted. 

Figure 10. - Continued. 
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M 0 0  

(a) hp = 34,800 feet; it = 1.6O; center oC gravlty at 0.2615; 
slats retracted. 

Figure 10. - Continued. 
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(e) % 22,700 feet; it = 2.1'; center of gravity at 0.25E; 
slats unlocked. 

Figure 10. - Continued. 
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(f) % - 24,500 feet; it = 2.1"; center of gravity at 0.25E; 
slats unlocked. 

Figure 10. - Concluded. 
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(a, hp = 26,200 feet;  it = 2.1'; center of gravity  at 0.261~; 
slats retracted. 

Figure 11.- Static  longitudinal  stability  characteristics of the 
Doughs D-558-11 research  airplane in turning flight. Inboard 
and outboard wing-fence  configuration. 
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(b) hp x 30,400 feet; it = 2. lo; 

!all I 
40 

20 
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20 
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CN 

center of graHty at 0.260E; 
slats retracted. 

Figure U. - Continued. 
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(c 1 % 35,600 feet; it = 2. lo; center of gravity at 0.2483; 
slats retracted. 

Figure 11.- Continued. 
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hp F* 20,200 feet;  it = 2.3'; center of gravity at  0.266E; 
slats unlocked. 

Figure ILL.- Concluded. 
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(a) % 20,700 feet; it = 1.6O; center of gravity  at 0.2535. 

Figure 12.- Static  longitudinal  stability  characteristics of the 
Douglas D-558-11 research  airplane in turning flight. W i n g  
slats ful ly extended;  no wing fences. 
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(b) hp = 26,500 feet;  it = 1.6O; center of gravlty at 0.252E. 

Figure 12.- Continued. 
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(c )  hp 23,000 feet; it = l.3O; center of gravity a t  0.262~. 
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Figure 12.- Continued. 
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(d j % 27,000 feet; it = 1.30; center of gravi ty   a t  0.265~. 

Figure 12. - Concluded. 
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I2 16 20 24 Lo L2 f4 

!a! kp 18,300 feet;  it = 1.6'; center of gravity  at 0.260E. 

Figure 13.- Static  longitudinal  stability  characteristics of the 
Douglas D-558-11 research airplane in  turning flight. W i n g  
slats - W l y  extended and inboard wing fences. 
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(b) hp X 21,000 feet; it = 1.6O; center of gravity at 0.25%. 

Figure 13. - Continued. 
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( c )  $ % 28,500 feet; it = 2.3O; center of gravity at 0.258E. 

Figure 13.- Continued. 

. 



T 
49 

1.0 

M 

1.0 

.8 

.6 

I I I I 1 

-2 4 .6 .8 I .o 
C N  

(a) % = 35,150 feet; cenkr  of gravi ty  at  0.2%. 

Figure 13.- Concluded. 
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(a) $ 23,500 feet;  it = 1.7'; center of gravity  at 0.241E. 

Figure 14.- Static  longitudinal  stability  characteristics of the 
Douglas D-558-11 research  airplane in turning flight. W i n g  
leading-edge  chord-extension  configuration. 
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(b) hp TJ 32,000 feet; center  of  gravity at 0.246E. 

Figure 14. - Concluded.- 
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(3) M 0.70. (b) M 0.87. 

F i g o n  15.- Effect of  several KLng nrodificationa on the  apparent  stick-fixed  stability 
characteristics of the D " j S - 1 1  airplane at twu representative  Mach  numbers. 
(6, values corrected to zero  pitching  acceleration.) 



.8 

.6 

1 

"I 

"" 

I I 

.5 .6 .7 .8 .9 

M 
Figure 16. - B f e c t  of wing d i f i c a t i o n s  on buffet bow o f  the 

D-558-TT airplane. 
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Figure 17.- Effect of several wing mdif ica t ions  on the variation of 
CN, with Mach number for t he  Douglas D-558-11 research a iq-hne.  . 
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Figure 18.- Effect of several wing modifications on the variation of 
68e/dC>I and with h c h  number for  the Douglas D-558-11 
resesrch airplane. 
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Figure 19.- Effect of several wlng mdif icat ions on the variation with 
Mach number of the  elevator deflection required to trim the Douglas 
13-358-11 research airplane.  hp = 35,000 feet; W = l3,OoO pounds; 
€Ln = 1. 
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Figure 20.- Variation with Mach number  of the relative  elevator-stabilizer 
effectiveness of the Douglas D-558-11 research airplane. Basic Wing 
conf iguratfon. 
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